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La Foucade et al. • Alcohol and tobacco taxes and noncommunicable diseases in Caribbean Community countries spared from NCDs, as they contend with a high and rising disease burden linked to the high prevalence of cerebrovascular diseases, diabetes, cancer, and chronic respiratory diseases, fueled in part by tobacco use and harmful alcohol consumption (3) . In the Englishspeaking CARICOM members, the risk of premature deaths from these four diseases ranges from 16.0% to 28.0%, while the proportion of total deaths stemming from NCDs is above 80.0% for many countries (2) . Trinidad and Tobago and Jamaica, respectively, experience 10 000 and 15 000 NCD-related deaths each year. In Grenada, this number is 700 per year (2) . Death rates of lung cancer across CARICOM members are lower than the average for the Americas, ranging from 2.4 to 17.5 per 100 000 population. In contrast, cerebrovascular diseases are higher among CARICOM members, ranging between 47.0 and 104.8 per 100 000 population, as compared to the average of 34.8 for the Americas.
In Trinidad and Tobago, the economic burden of NCDs from tobacco consumption and harmful alcohol use is substantial. It is estimated that NCDs cost the country roughly US$ 1.3 billion annually, or approximately 5.0% of the gross domestic product (GDP) (4) . Cancer, for which tobacco use is its most important risk factor (5) , costs the Government US$ 0.3 billion each year (4) .
The economic and disease burdens across CARICOM member countries have made it necessary to chart a regional, actionable response-including taxation on alcohol and tobacco products and other policy measures-to reverse the negative public health and socioeconomic impacts of NCDs.
Theoretical justification for a fiscal solution
The use of taxes by the State to discourage practices deemed harmful to individuals and society is not new. In 1776, Adam Smith argued that "sugar, rum, and tobacco are commodities which are … extremely proper subjects of taxation" (6) . Cordes and colleagues (7) have said that "taxing tobacco [and alcohol]… may bring private and social costs and returns into closer alignment by causing market prices to reflect more fully the external costs of smoking [and drinking]." It is well established that higher taxes are the single most effective way to decrease consumption and encourage tobacco users to quit (8) . Increased alcohol taxation has also been effective in depressing abusive drinking (9) . For the most part, the general conclusion has been that it is possible to simultaneously diminish the consumption of tobacco (8, (10) (11) (12) (13) and alcohol (14) (15) (16) (17) while also raising additional tax revenues. Furthermore, the resultant reduction in consumption has yielded significant improvements in health outcomes (9, 17, 18) .
Study objective
The objective of this study was to determine the extent to which increased taxes on alcohol (beer and rum) products and tobacco products can successfully reduce consumption, as well as raise revenues that can be channeled into initiatives to prevent and control NCDs in CARICOM member countries. (In this article, "tobacco" refers to cigarettes, and the two words are used interchangeably.)
MATERIALS AND METHODS

Approach
The study undertook an in-depth analysis of tax systems, structures, and applied methodologies for simulating outputs related to prices, tax revenues, and consumption impacts on alcohol and tobacco in three CARICOM member countries: Grenada, Jamaica, and Trinidad and Tobago. The multipronged approach included: a) secondary data collection methods, with desk reviews of taxation policies and forecasting models; b) formal requests for data from country agencies; c) in-country visits to the three case-study countries and meetings with key stakeholders; and d) simulations using the Tobacco Tax Simulation (TaXSiM) model (19) .
The TaXSiM model was developed by the World Health Organization (WHO) to help policymakers analyze and assess a country's tax policy measures and structures for tobacco products. This research extended the model's use to alcohol products. While the model was designed as a tobacco tax simulation tool, the basic workings of elasticity and tax rate changes and their effects on sales, price, and revenues are identical for other products. The major difference is that of the unit of measure for the products in question. Whereas cigarettes can be analyzed in terms of sticks or packs of a specified size (in this case, 20-stick packs), alcohol can be analyzed in terms of bottles or cases (of a specified size). In this analysis, 6.6-liter cases of beer and 9-liter cases of rum were analyzed.
Ultimately, the effects of tax changes on price and consumption will be influenced mainly by the elasticities and not necessarily by the unit of measure. The model separates products into brand/market segments based on price (premium, mid-price, and economy). Therefore, the assumption is that each brand/segment has a corresponding price elasticity of demand, which reflects the income strata of its consumers within the same sector. For cigarettes, price elasticity values ranging from -0.2 to -0.9 were used in the study. For alcohol, pooled estimates of price elasticity of demand of -0.50 for beer (95.0% confidence interval (CI): -0.78 to -0.21) and -0.79 for other alcoholic beverages (95.0% CI: -1.09 to -0.49) in lowand middle-income countries were used (20) .
Simulations
Data (tax rates, tax bases, price elasticities of demand by brand segment, sales volumes, final consumer price by brand, etc.) on the current tax system were entered in the model and baseline estimates were generated for several variables, including sales volumes (used as a proxy for consumption), total tax revenues, and total excise tax revenues. The excise tax rate was adjusted to effect a 5.0%, 10.0%, and 15.0% decrease in consumption of both products, and the resultant changes in key variables were examined. The base year for this study was 2014.
All local country currencies were converted into US dollars using the following exchange rates: Jamaica: US$ 1.00 = JM$ 111.30 (2014), US$ 1.00 = JM$ 117.31 (2015), according to the Bank of Jamaica (21); Trinidad and Tobago: US$ 1.00 = TT$ 6.3613 (2014), US$ 1.00 = TT$ 6.3298 (2015), according to the Central Bank of Trinidad and Tobago (22) ; and Grenada: US$ 1.00 = Eastern Caribbean dollars (EC$) 2.70 (exchange rate fixed), according to the Eastern Caribbean Central Bank (23) .
Smuggling trigger tax rate
The TaXSiM model does not identify the tax rate at which smuggling occurs, so the basic principles of demand and supply were used to determine a smuggling trigger tax rate for alcohol and cigarettes. On the demand side, there is smuggling hoped for by consumers, while smuggling planned for by suppliers represents the supply side. The assumption is that smugglers of alcohol and tobacco will want to supply the market with the quantity of goods equivalent to that which is hoped for by consumers of the smuggled products.
Consumers' behavior provides a basis for the assumption that the amount of smuggling hoped for will be at a level at which pretax consumption will not fall significantly. When there is a significant fall in consumers' surplus, the assumption is that some consumers will hope for and search out smuggled products, given their low elasticities, while other consumers will be satisfied with keeping their consumption constant. Therefore, consumer surplus provides a good indicator of the level of enjoyment (consumption) of the products at a given price. (In the mid-nineteenth century, French engineer Jules Dupuit first propounded the concept of economic surplus, but it was the economist Alfred Marshall who gave the concept its fame in his Principles of Economics text (24)).
The linear demand curve shows the proportional relationship between changes in consumer surplus and changes in consumption levels. This analysis therefore uses changes in the level of consumption as a proxy for changes in consumer surplus (25, 26) . This study assumes that consumption changes below 10.0% will not affect consumer surplus significantly. Without available empirical analysis of smuggling in the Caribbean, it is reasonable to assume that smuggling exists to maintain consumption levels and therefore there will be a particular level of consumption that will act as a trigger. Hence, the tax rate that results in consumption decreasing by 10.0% or more is the tax rate that triggers smuggling on the demand side. For example, an elasticity of -0.6 and a price increase of 16.7% will result in a 10.0% fall in consumption. Based on the prior analysis, this will be the smuggling trigger rate.
With an elasticity of -0.4, only with a price increase of 25.0% will the smuggling trigger rate be expected to emerge. Hence, the more inelastic the demand for the products, the higher the tax rate required to trigger smuggling.
Alcohol and tobacco tax systems in the case-study countries
There were six main categories of tobacco-and alcohol-related taxes in effect in 2014 in the three selected CARICOM countries: 1) import duty/ common external tariff; 2) excise tax/ special consumption tax; 3) Divide as one or the other way: value-added tax OR value-add-ed tax 4) customs service charge; 5) additional stamp duty; and 6) environmental levy (Table 1) . Across the chosen countries, import duties on the products range from 30.0% to 50.07%, while all countries apply a common VAT of 15%. Furthermore, excise taxes are applied on all of the products, albeit at different rates.
RESULTS
Revenue and consumption estimates
The TaXSiM process shows that the reduction in consumption through the increase in the excise tax rate can achieve positive revenue outcomes in all three consumption reduction scenarios, across all three case-study countries ( Table 2 ).
In the case of Jamaica, a 5.0% fall in consumption of beer is associated with an increase in related excise revenues of US$ 3.26 million. For rum and cigarettes, the Government can expect to raise an additional US$ 1.86 million and US$ 5.91 million, respectively. In the 10.0% and 15.0% consumption reduction scenarios, excise revenues are forecast to increase TABLE 1. Alcohol and tobacco tax systems in the three case-study countries, 2014, in study of potential for using alcohol and tobacco taxes to fund prevention and control of noncommunicable diseases in the Caribbean Community member countries For Grenada, 5.0%, 10.0%, and 15.0% decreases in rum consumption, stem-ming from excise tax increases, are likely to yield rum-related excise tax revenue growth of US$ 0.26 million, US$ 0.50 million, and US$ 0.71 million, respectively. Tax-induced beer intake reductions show associated excise revenue increases ranging from US$ 0.81 million to US$ 2.16 million. Revenue growth for cigarettes ranges from US$ 0.15 million to US$ 0.39 million. Table 2 summarizes the results of the simulations in the three case-study countries, while Table 3 shows the per capita revenue estimates from increased taxes on the products.
Smuggling trigger tax rate
Based on the hypothesis presented in the earlier discussion in this article of the smuggling trigger tax rate, elevated levels of smuggling will be triggered at the average excise tax rate that induces a 10.0% or greater fall in consumption.
Elevated levels of smuggling in Jamaica are predicted to take effect when the average excise tax rate is US$ 7.20 for beer (per 6.6-liter case) and is US$ 56.77 for rum (per 9-liter case). The smuggling trigger for cigarettes is predicted to be at US$ 2.56 (per pack of 20).
For Trinidad and Tobago, smuggling of the products is predicted to elevate when the excise tax is US$ 7.44 for beer (per 6.6-liter case) and is US$ 66.78 for rum (per 9-liter case). Smuggling of cigarettes is predicted to increase at a trigger excise tax rate of US$ 1.00 (per pack of 20).
In Grenada, with a fall in consumption of 10.0%, elevated levels of smuggling were predicted at a US$ 3.52 average excise tax rate for beer (per case of 6.6 liters), US$ 20.24 average excise tax rate for rum (per case of 9 liters), and at 133.5% of cost, insurance, and freight value for cigarettes.
DISCUSSION
Revenue-raising potential from alcohol and tobacco taxes
The simulation results provide the basis for a discussion on the potential revenues to be derived from an in- crease in excise taxes on alcohol and tobacco. The analysis of excise tax revenues alone shows that a tax-induced 5.0% fall in consumption increases revenues for the three case-study countries by a total of US$ 20.55 million. This estimate represents the potential revenues that can result from changes in excise taxes on cigarettes, beer, and rum. In some cases (e.g. Trinidad and Tobago) only locally manufactured rum was used in the analysis. These sales totals therefore represent a sample of total sales. This may result in assessments for rum being underestimated.
The potential revenues from increased taxes on alcohol and tobacco in the 15 CARICOM full-member countries were estimated using a simple mathematical formula. Total projected excise revenues (US$ 20.55 million) for the 3 case-study countries were divided by the total population of the three countries, which produced a per capita potential excise revenue of US$ 4.91 (Table 3 ). These individual country per capita revenues were found to be higher than the WHO per capita cost of US$ 3.00 for funding the NCD response (27) . The total expected excise revenues for the 15 full-member countries in CARICOM were calculated by multiplying the total population of 17 575 151 in those nations (midyear population estimates for 2015 (28) ) by the per capita excise revenues of US$ 4.91, which resulted in total expected excise revenues of US$ 86.32 million. Given the similar economic, social, and cultural environments of many of the CARICOM countries, it is reasonable to assume the outcomes of the three casestudy countries will be mirrored in most of the CARICOM countries.
Higher combined revenue levels are expected with the 10.0% and 15.0% consumption reduction scenarios and when the full suite of taxes (excise taxes, import duties, VAT, etc.) are levied on the products. Therefore, the potential revenues predicted in this study may very well be conservative estimates.
This analysis indicates that CARICOM countries have the capacity (via taxes) to implement effective measures to reduce the consumption of alcoholic beverages and cigarettes without immediate concerns for loss in overall tax revenues from these products.
Using tax revenues to fund NCD prevention and control measures
This study suggests that the potential revenues that can be generated from increases in alcohol and tobacco taxes are substantial enough to finance the NCD response, once appropriately applied. With the per capita cost of the NCD response estimated at US$ 3.00 in middle-income countries (27) , the total cost would be US$ 12.55 million for Grenada, Jamaica, and Trinidad and Tobago, which have a combined population of 4.18 million. If the WHO-suggested per capita cost was to increase by 50.0% to US$ 4.50, the NCD response effort would amount to US$ 18.81 million for these three nations.
For the three countries, potential excise revenues of US$ 20.55 million are associated with the predicted 5.0% fall in consumption, with additional revenues expected with further tax increases. Thus, it is fair to suggest that the expected revenues would be sufficient to fund an effective NCD response.
For the 15 CARICOM full-member countries, the estimated cost for the NCD response is US$ 52.73 million (total 2015 population of the 15 CARICOM full-member countries of 17 575 151 X US$ 3.00 per capita = US$ 52 725 453). The expected revenue from excise taxes is US$ 86.32 million, based on the 5.0% consumption reduction scenario. With an increase in the per capita treatment cost to US$ 4.50, the total NCD response cost to CARICOM full-member countries would be US$ 78.87 million, well within the expected revenue intake from excise taxes on beer, rum, and cigarettes. If there were a doubling of the per capita response cost (to US$ 6.00), this amounts to US$ 105 million for the 15 full-member countries of CARICOM. This sum is barely in excess of the revenues that can be raised from a targeted 5.0% fall in consumption.
Limitations of the study
Some of the limitations of this study are linked to the use of the TaXSiM model.
First, although smuggling was postulated to be triggered by a taxation level that depresses consumption beyond a certain point, the model did not have enough structure to estimate the expected smuggling. This remains to be done.
Second, the study was limited to the use of sales data for some countries, but these data may not represent the total volume of the products sold/consumed. In such instances, estimates of revenues will be underestimated.
Third, although the price elasticities used in the analysis are quite reasonable, the consumption effects may be underestimated because the TaXSiM model does not allow for income elasticities. Fourth, the model is not able to forecast how the manufacturers of alcohol and tobacco will respond to various taxation policies and, as such, estimates are based on current market conditions. Finally, the model is unable to explicitly compensate for the illicit trade in the products that may ensue as the prices of the products rise to certain levels.
Conclusions
The analysis showed that increases in taxation would reduce tobacco and alcohol consumption. In fact, tax rates were identified at which consumption declines of 5.0%, 10.0%, and 15.0% would take place.
The study also showed that for the 15 CARICOM full-member countries, there is significant potential for revenue generation (in excess of US$ 86.32 million) from increases in taxes on alcohol and tobacco, alongside decreases in consumption of the products. This analysis suggests that increased taxes on alcohol and cigarettes can sufficiently cover the cost of the NCD response effort in those CARICOM full-member countries. The study provides sufficient financially grounded evidence for increasing taxes and directing the revenue flows toward NCD interventions, with the aim of better health outcomes for the population in the CARICOM member countries. However, it is important to note that any comprehensive NCD response cannot rest solely on taxation measures. An adequate response will require critical contributions from the health sector and widespread participation from other sectors as well.
Recommendations
Two main recommendations come from this study. First, CARICOM countries should activate the agreement embodied in the Declaration of Port-of-Spain: Uniting to Stop the Epidemic of Chronic NCDs (29) and impose taxes on alcohol and tobacco as a means of raising revenues for responding to the health problems created by the consumption of these products. The Declaration resulted from a 2007 special regional summit on NCDs, where the CARICOM Heads of Government committed to in-troducing strategies to prevent and control NCDs by addressing their causal risk factors. Second, while acknowledging that taxation per se is not a cause of smuggling, this study recognizes that taxation beyond a certain level will make smuggling attractive. It is therefore key that CARICOM countries monitor the degree of smuggling taking place and be mindful of tax rates that might trigger the phenomenon.
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